Introduction {#sec1-1}
============

Slipped capital femoral epiphysis (SCFE) is the most common hip disorder affecting adolescents with an estimated incidence of between 1 to 24.6 per 100,000 children between the ages of 8 and 15.^[@ref1],[@ref2]^ The relative frequency to Caucasians is highest with Polynesians (5.6:1), Blacks (3.9:1) and Hispanics (2.5:1).^[@ref1]^ Delayed diagnosis is believed to be the most important factor associated with poor outcomes.^[@ref3],[@ref4]^ Less severe and stable slips have been successfully managed with *in situ* pinning to protect against further displacement. The treatment of high grade unstable slips is more controversial with a recent trend toward surgical hip dislocation and reduction of the slip normally with a corrective femoral osteotomy.^[@ref5]^ The residual healed deformity can lead to femoro-acetabular impingement (FAI) and eventual degenerative osteoarthritis.^[@ref6],[@ref7]^

The concept of evidence-based medicine (EBM) was first described in the 1980's as *the conscientious, explicit, and judicious use of the current best evidence in making decisions about the care of individual patients*.^[@ref8]^ The EBM grading system can be obtained in the Oxford Centre for Evidence-Based Medicine (CEBM).^[@ref9]^ A study gave a level from 1 to 5 on the basis of its design and as 1 of 4 different types on the basis of its content. Level 1 is the highest level of evidence, which includes high quality, randomized controlled trials (RCTs); and level 5, is the lowest level of evidence, and includes expert opinions. This system is accepted and used by most of the medical world including most orthopedic journals.

Despite the importance of SCFE, to our knowledge there are few studies that explore the surgical management of the condition, and even fewer that are of a high level of evidence. The aim of this study is to review the available studies on surgical management of SCFE and to categorize them by study type and level of evidence as proposed by the Oxford CEBM.

Materials and Methods {#sec1-2}
=====================

This review adheres to the methodology set down in the Preferred Reporting Items for Systematic reviews and Meta-analyses guidelines and the Cochrane handbook.^[@ref10]^

A systematic electronic search was performed using PubMed (Medline), EMBASE, and the Cochrane Library. Studies published from January 1^st^, 1991 to August 1^st^ 2014 were included. The following search terms were used: *Slipped capital femoral epiphyses* OR *SCFE* OR *Slipped upper femoral epiphyses* OR *SUFE* AND *Management* OR *Treatment*. Only papers written in English were included.

Study selection {#sec2-1}
---------------

The first two authors sorted the studies based on abstracts from the electronic search. Each author sorted through the databases, which was then validated by the other author. The included studies were then sorted into CEBM study types ([Table 1](#table001){ref-type="table"}) and into treatment type. If a study involved multiple treatment types it was placed in category that the majority of the study involved. If the abstract did not provide enough information for classification then the full text was obtained (n=128). Once the decision was made to include the manuscript for further analysis then authorship and journal of publication were assessed. Any disagreements between reviewers were resolved by discussion. The senior author was consulted if a consensus could not be reached at any stage of the analysis and categorization.

Inclusion and exclusion criteria {#sec2-2}
--------------------------------

We included all studies in English that had a primary emphasis on the therapeutic management of SCFE. Prognostic and diagnostic studies were included if they defined the relationship between the treatment and the clinical outcomes. Studies that reported solely on outcomes (*e.g.* CT evaluation of screw position) without clinical correlation were excluded. Reviews including systematic reviews were excluded if they did not primarily report on the management of SCFE. Studies involving patients with genetic or metabolic disturbances associated with SCFE were excluded. Studies on animals, anesthesia and analgesia, biology and histology, cadavers, diagnostic tools, economics, epidemiology, imaging results without clinical outcome, rehabilitation protocols, revision surgery, and surgery for long term complications such as hip arthroplasty for osteoarthritis were excluded. Furthermore, editorials, letters, notes, proceedings, and conference abstracts were also excluded.

Data selection {#sec2-3}
--------------

A database was created using Microsoft Access (v. 2010, Microsoft). The data extracted from the reviewed papers included: title, author, year, journal, volume, issue, pages, ISSN, abstract, database provider, category, study type, level of evidence, and country. All higher-level studies \[RCT and systematic review (SR)\] had a deeper analysis performed. The RCT was ranked level 2 if it had lesser quality with regards to follow up, randomization and blinding. Level of evidence of the studies determined the SR level. General reviews were classified as expert opinions (level 5) as they do not meet the Cochrane criteria of a systematic review. The level of evidence attributed to the study by the publishing journal was reviewed and in any cases of discrepancy the researchers' assessment was used.

Synthesis of results {#sec2-4}
--------------------

Statistical analysis was performed using Stata (StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP). Peason correlation coefficients were calculated between the mean level of evidence and impact factor of journals that had 10 or more articles included.

Results {#sec1-3}
=======

The electronic search yielded a total of 1516 results from the Medline (n=810), EMBASE (n=698) and Cochrane databases (n=8). A total of 610 duplicate articles were removed: 8 were from PubMed; 602 were from EMBASE. Of the remaining 906 records, 452 were removed following screening of the abstracts leaving a total of 454 records. Of records, 133 were screened, based on the full text for a remaining 321 records, of which 307 were from PubMed, 12 were EMBASE and 2 from the Cochrane library ([Figure 1](#fig001){ref-type="fig"}).

Characteristics of studies {#sec2-5}
--------------------------

The most frequent study type was the case series (n=164; 51.1%) followed by case reports (n=72; 22.4%). The results from categorization are shown in [Table 1](#table001){ref-type="table"}. The most frequent level of evidence was type 4 (n=166; 51.7%) and results of the level of evidence classification are shown in [Table 2](#table002){ref-type="table"}. The level 2 evidence studies were both RCTs (n=2; 100%).

The top 8 journals by number of publications represented 63.9% of all studies ([Table 3](#table003){ref-type="table"}). *The Journal of Pediatric Orthopaedics* (JPO), *The Journal of Pediatric orthopaedics B* (JPOB) and *Clinical Orthopaedics and Related Research* (CORR) had the most number of studies at 46.7% of all studies. JPO had the most studies (n=74; 22.6%) and the highest number of level 2 (n=1) and level 3 (n=15) type evidence. There was no significant correlation between the level of published evidence and journal impact factor ([Table 3](#table003){ref-type="table"}).

Over the 23.5-year time period examined, there has been no change in the mean level of evidence published. The majority of studies from 1991 to 2003 were level 4 and 5 case series/reports (91%) and this remained relatively unchanged by 2014 (87.6%). The geographical location of the studies is given in [Table 4](#table004){ref-type="table"}. North American journals were noted to have published 58.9% of the available literature within the reference period, 23.1% of publications originated from Europe and 11.5% from Asia with the remaining publications equally distributed across Africa, Australia and the Middle East.

The largest amounts of studies examining the surgical treatment options in SCFE were those involving the use of single percutaneous *in situ* screws. Most of the studies were level 4 (n=55) followed by level 3 (n=12) and level 2 (n=1) evidence as displayed in [Table 5](#table005){ref-type="table"}.

Discussion and Conclusions {#sec1-4}
==========================

The aim of this study was to evaluate the quality of evidence in the surgical management of SCFE. Our review identified 321 papers reporting the clinical outcomes of SCFE. Disappointingly, but perhaps not unsurprisingly, there were no published studies containing level 1 evidence and there were only 2 studies which provided level 2 evidence. Furthermore, most of the studies examining specific surgical treatment options involved single percutaneous screw fixation and were of level 4 evidence. We do not feel that this lack of high quality evidence reflects a lack of respect in this condition, but instead highlights the practical and ethical challenges inherent in the surgical management of children. When examining our findings in the context of other similar studies our results do not stand in isolation. Ostlie and colleagues reported that RCTs represented only 0.05% of all pediatric general surgery studies in the past decade.^[@ref11]^ Within the broader orthopedic literature therapeutic studies with level 4 and 5 evidence are the most common orthopedic studies reported in the literature.^[@ref12]^ Cashin and colleagues examined all available studies published in JPO, JPO-B and The Journal of Children's Orthopaedics over a four year period and determined that evidence graded level 1 and 2 made up 8% of the literature while level 4 studies were again the majority at 58%.^[@ref15]^

We agree that the high proportion of level 4 and 5 studies in part are due to the ethical barriers limiting the use of placebo procedures in surgical research.^[@ref16],[@ref17]^ Given the relative rarity of the condition we agree that cohort studies and case reports are easier to perform, cheaper, and less time consuming than RCTs.^[@ref18]^ Furthermore, RCTs are difficult to facilitate due to dispersion of cases through a large number of centers with incumbent the variation of patient presentation, and treatment by individual surgeons.^[@ref17]^

Improving the level of evidence in a number of the level 4 studies we reviewed, could have been achieved by performing the study prospectively and utilizing a control group. Zaidi and colleagues and Obremskey and colleagues both proposed that a level-4 study such as a retrospective case series could become a level 3 study with an historical control group.^[@ref13],[@ref19]^ Level 4 studies can provide valuable information for patient management if they are well designed, this includes a prospective, homogenous patient population, strict inclusion and exclusion criteria, standardized treatment protocol, close patient follow up and predetermined outcome measures.^[@ref13]^

Our finding of no progression of evidence within the field of SCFE treatment over the reference period is not consistent with the broader orthopedic literature. Fu and colleagues reviewed all publications pertaining to anterior cruciate ligament reconstruction (ACL) over a twenty-year period and found a steady progression in the quality of evidence over that time (REF).^[@ref20]^ Zaidi and colleagues reviewed the levels of evidence of all foot and ankle articles from the journals Foot & Ankle International, Foot and Ankle Surgery and the Journal of Bone and Joint Surgery (American and British Volumes) and found a trend towards higher levels of evidence from 2000 to 2010 but that the proportion of low levels of evidence (Level 3-4) articles remained close to 90%.^[@ref19]^ Cashin and colleagues noted a slight increase in level 3 pediatric orthopedic related articles from 2003 to 2008 in JPO and JPO-B.^[@ref15]^ We accept that establishing statistically significant correlation between time and evidence grade for SCFE treatment may hampered lower number of publications in the field, but we feel that a strong correlation, if present, would be demonstrated in the 326 papers identified.

Impact factor is a measure of the average number of citations to recent articles published in a particular journal indexed in the Journal Citation Reports. Impact factor is the most commonly used tool for the reader to determine if scientific studies published within a journal are widely accepted. We could find no correlation between the impact factor of a journal and the level of evidence of individual studies on SCFE. This is likely due to the paucity of high-level studies to establish a significant correlation. Articles pertaining SCFE are not widely cited within the broader orthopedic literature and would not be a great influence on impact factor.

While we found that the majority of studies originated in North America, we accept that limiting our search to the English language may introduce bias in our categorization by not considering the quantity and quality of research published outside English speaking countries. JPO is the leading journal in SCFE publications and accounted for 22.6% of all studies. It also provided 50% of the level 2 and level 3 studies in the top eight pediatric orthopedic journals.

SCFE has potentially life changing implications for patients. This is the first review to examine critically the quality of evidence available to aid in treatment decisions. It highlights the paucity of high-level evidence available to guide those, treating this challenging problem. We hope that this work will provide motivation for further considered and ethical study on this important and challenging topic.

![Flow diagram of the literature search progression.](or-2016-2-6303-g001){#fig001}

###### 

Frequencies of the included studies.

  Study type                          N.    \%
  ----------------------------------- ----- ------
  Case series                         164   51.1
  Case report                         72    22.4
  Expert opinion                      45    14.0
  Comparative study (retrospective)   23    7.2
  Systematic review                   5     1.6
  Comparative study (prospective)     4     1.2
  Case control                        4     1.2
  Randomized control trial            2     0.6
  Economic and decision analysis      2     0.6

###### 

Distribution of level of evidence.

  Level of evidence   N.    \%
  ------------------- ----- ------
  1                   0     0
  2                   2     0.6
  3                   36    11.2
  4                   166   51.7
  5                   117   36.4

###### 

Frequency and distribution of level of evidence in the top 8 journals. Total % is calculated as a percentage of the total amount of studies. The level of evidence % is calculated as a percentage of the corresponding journal's studies.

  Journal                   Impact factor   Level of evidence   Total                                                              
  ------------------------- --------------- ------------------- ------- --- ----- ------ ------ ------ ------ ------ ------ ------ ------
  JPO                       1.5                                         1   1.4   15     20.2   55     74.3   3      4.1    74     22.6
  JPO-B                     0.6                                             4     10.0   20     50.0   16     40.0   40     12.2   
  Clin Orthop Relat Res     2.8                                         1   2.8   4      11.1   23     63.9   8      22.2   36     11.0
  JBJS - Am                 5.3                                             4     16.0   16     64.0   5      20.0   25     7.6    
  JBJS - Br                 3.3                                                   6      66.7   3      33.3   9      2.8           
  Arch Orthop Trauma Surg   1.6                                             2     28.6   2      28.6   3      42.9   7      2.14   
  Int Orthop                2.1                                             1     14.2   5      71.4   1      14.2   7      2.14   
  Orthopedics               0.9                                                   3      42.9   4      57.1   7      2.14          

###### 

Distribution of studies by level of evidence and region.

  Region        Level of evidence   Total                  
  ------------- ------------------- ------- ---- ---- ---- -----
  N.A                               2       20   90   77   189
  Europe                                    9    53   12   74
  Asia                                      2    11   24   37
  Africa                                         1    3    4
  Australia                                 1    4         5
  S.A.                                      2    4         6
  Middle east                               2    3    1    6

###### 

Level of evidence and number of studies supporting each surgical treatment option in the management of slipped capital femoral epiphysis.

  Treatment                                                                                                Level   Studies
  -------------------------------------------------------------------------------------------------------- ------- ---------
  Percutaneous *in situ* screw fixation (single)                                                           2       1
  Percutaneous *in situ* screw fixation (single - prophylactic contralateral hip)                          2       1
  Percutaneous *in situ* screw fixation (single)                                                           3       12
  Percutaneous *in situ* screw fixation (single *vs* multiple)                                             3       4
  Percutaneous *in situ* screw fixation (single *vs* staged flexion intertrochanteric femoral osteotomy)   3       4
  Percutaneous *in situ* screw fixation (single *vs* multiple not specified)                               3       4
  Intertrochanteric versus subcapital osteotomy                                                            3       2
  Intertrochanteric femoral osteotomy                                                                      3       2
  Percutaneous *in situ* screw fixation (single +/- manipulation)                                          3       1
  Percutaneous *in situ* screw fixation *vs* K-wires                                                       3       1
  Percutaneous *in situ* screw fixation (single +/- anchorage device)                                      3       1
  Modified osteotomy of Dunn-Fish *vs* osteotomy of Imhauser                                               3       1
  Non-operative (casting)                                                                                  3       1
  Intertrochanteric uniplanar flexion osteotomy vs multiplanar osteotomy                                   3       1
  Extracapsular base of neck osteotomy vs Southwick osteotomy                                              3       1
  K-wire fixation                                                                                          3       1
  Percutaneous *in situ* screw fixation (single)                                                           4       55
  Percutaneous *in situ* screw fixation (single or multiple)                                               4       23
  Percutaneous *in situ* screw fixation (prophylactic contralateral hip)                                   4       17
  Femoral neck osteotomy                                                                                   4       12
  Percutaneous *in situ* screw fixation (single or multiple +/- manipulation)                              4       6
  Dunn's Osteotomy                                                                                         4       6
  Percutaneous *in situ* screw fixation (arthroscopic)                                                     4       5
  Intertrochanteric femoral osteotomy                                                                      4       5
  K-wires                                                                                                  4       4
  Casting and manipulation/reduction                                                                       4       4
  Percutaneous *in situ* screw fixation vs K-wires                                                         4       3
  Percutaneous *in situ* screw fixation (single *vs* femoral osteotomy)                                    4       3
  K-wires with open reduction                                                                              4       3
  Sugioka's modified Hungria-Kramer intertrochanteric osteotomy                                            4       2
  Closed bone graft epiphysiodesis                                                                         4       2
  Subcapital osteotomy                                                                                     4       2
  Imhauser femoral osteotomy                                                                               4       2
  TRO (trans-troch rotational osteotomy)                                                                   4       2
  Percutaneous *in situ* screw fixation +/- casting                                                        4       1
  Steinmann pins                                                                                           4       1
  Intra-articular hip arthrodesis without subtrochanteric osteotomy                                        4       1
  Valgus-flexion intertrochanteric osteotomy                                                               4       1
  Extracapsular base of neck osteotomy versus and Southwick osteotomy                                      4       1
  Subtrochanteric osteotomy                                                                                4       1
  Extracapsular vs intracapsular reduction and epiphysiodesis                                              4       1
  Open bone peg epiphysiodesis                                                                             4       1
  Sugioka's modified Hungria-Kramer intertrochanteric osteotomy                                            4       1
  Percutaneous, opening wedge subtrochanteric femoral osteotomy                                            4       1
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